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OVERVIEW 

Purpose:   
♦ Directly compare performance of 75 μm i.d. nanocolumns packed 

with 1.7 μm versus 3 μm particles for peptide digest separations, 
investigating effects of column length and gradient length (slope) on 
peak capacity 

Methods: 
♦ 10,000 psi nanoACQUITY UPLC™ system coupled to a quadrupole 

time-of-flight (Q-Tof) instrument 
Results:   
♦ 1.7 μm particle columns yield higher overall peak capacity gains with 

column and gradient length vs. 3 μm particle columns 
♦ Shorter (ex. 15 cm) 1.7 μm columns are capable of yielding higher 

efficiencies vs. longer (ex. 50 cm) 3 μm columns 
♦ There is a tradeoff between increased peak capacity and slight 

reduction in MS signal intensity with longer gradient times  

COMPARISON OF GRADIENT SLOPE, COLUMN LENGTH, AND PARTICLE SIZES FOR ANALYSIS OF PEPTIDES ON A 10,000 PSI NANOLC/MS/MS PLATFORM 
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Figure 1. Bridged-ethyl hybrid (BEH) 1.7 μm particle chemistry 
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RESULTS  

CONCLUSIONS 
♦ The nanoACQUITY UPLC system is capable of generating 

accurate, reliable gradients at pressures approaching 
10,000 psi, with good retention time reproducibility      
over extended periods of run time 

♦ Using a 1.7 μm BEH vs. 3 μm particle for a 15 cm column 
with a 144 min gradient length results in a 59% increase 
in peak capacity 

♦ For short gradient lengths (24 and 48 min), increasing 
column length does not significantly increase peak 
capacity for either particle 

♦ The 15 cm, 1.7 μm BEH column yields greater peak 
capacity measured at the various gradient lengths than 
the significantly longer 50 cm column packed with 3 μm 
particles 

♦ The 30 cm, 1.7 μm BEH column exhibits the greatest 
overall increase in peak capacity with gradient length 

♦ There is a trade-off between increased separation 
efficiency and slight reduction in MS signal height with 
longer gradient lengths  

♦ Combining the 1.7 μm BEH particles with longer column 
lengths and longer gradient lengths can provide greater 
information for nanoLC/MS/MS analysis of complex 
proteomic samples 

 

INTRODUCTION 
The ability to increase nanoLC separation efficiency is highly desired for 
obtaining as much MS/MS information as possible where amounts of 
complex proteomics samples are often limited (1).  Methods for improving 
separation efficiency for typical reversed-phase nanoLC separations 
include using smaller particles, longer columns, and longer (more 
shallow) gradient times (2,3).  The use of smaller particles (< 2 μm) 
requires a nanoLC system capable of operating at higher backpressure 
for extended periods of time (4).  However, there have been few 
fundamental studies comparing effects of particle size, column length, 
and gradient length (time) on peak capacity, for nanocolumns where     
a) columns are prepared under very tightly-controlled conditions (same 
column assembly protocol, packing pressure, etc.), and b) columns are 
analyzed with a direct-flow commercially available nano UPLC system.  In 
this presentation we directly compare effects of gradient slope, and 
column length for two different particles:  a novel 1.7 μm bridged-ethyl 
hybrid (BEH) particle and a 3 μm particle.   
 
 

 
METHODS 
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Figure 4. Reproducibility of six consecutive injections of 100 fmol 
MassPREP enolase digest with a 180 μm x 20 mm 5 μm Symmetry® C18 
trap column and a 75 μm x 25 cm 1.7 μm BEH C18 analytical column 
operating at ~9,500 psi.  Sample loading/trapping: 2%B at 4 μL/min for 
3 min, gradient: 2-60%B in 30 min at 300 nL/min.  Average peak width 
(FWHM) of the peptides for this separation is 4 sec. 

Figure 5. Overlay of pressure traces for six consecutive injections re-
corded on a nano UPLC system, for data shown in Figure 4. Note the ex-
cellent reproducibility of gradient delivery for multiple injections recorded 
over a period of 9 hours. 

Figure 6. Column performance for 200 fmol 5-protein digest comparing 
15 cm long columns packed with (a) 3 μm particles and (b) 1.7 μm parti-
cles, gradient:  3-40.6%B in 144 min. 

Figure 10. MS signal height vs. gradient length for 30 cm, 1.7 μm BEH 
particle column.  The average MS signal height for 20 peptides eluting 
across the various gradient lengths was normalized to the average value 
obtained for the 48 min gradient. 
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LC system: Waters nanoACQUITY UPLC™:  
• 10,000 psi pressure capability 
• Direct flow (no splitting) 
• Accurate nano flow and gradient delivery 

Columns  
• 75 μm i.d. (360 μm o.d. fused silica capillary)                                                                                              
• Packed with either 3 μm Waters Atlantis® dC18  or 1.7 μm BEH 

C18 particles (Figure 1) at 10,000 or 25,000 psi 
• Nanocolumns were packed to longest length (50 cm for 3 μm , 30 

cm for 1.7 μm), tested, cut to specified length(s), and then re-tested 
to ensure bed consistency. 

Column temperature: ambient  
Mobile phase: 

• Solvent A: 0.1% formic acid  
• Solvent B: 0.1% formic acid in acetonitrile 

Gradient conditions:  
• 3-40.6% B over various durations 
• Flow rate:  250 nL/min (unless specified otherwise) 

 
MS System:  Q-Tof micro™ 

• TOF MS mode 
• Centroid data 
• Range:  400-1700 m/z 
• 1 sec/scan 

 
Samples 

• Waters MassPREP™ yeast enolase or 5-protein digest mixture 
(bovine serum albumin, yeast enolase, yeast alcohol 
dehydrogenase, bovine hemoglobin and yeast phosphorylase b) at 
100 fmol/μL for each protein 

 
Peak capacity measurements 
• average peak width (FWHM) calculated from XIC’s of 20 peptides 

taken across the gradient and used to calculate 4 σ 
• PC = Tg/4 σ, where Tg is gradient length 
 
 
 
 
 

Figure 2.  nanoACQUITY UPLC™ System 

Figure 8. Gradient length vs. peak capacity plots for 15 and 30 cm 
length columns packed with 1.7 μm BEH particles.  

Figure 7. Gradient length vs. peak capacity plots for 15, 30, and 50 cm 
length columns packed with 3 μm Atlantis particles.  

Figure 9. Gradient length vs. peak capacity plots comparing performance 
of a 15 cm, 1.7 μm BEH column with a 50 cm, 3 μm Atlantis column.  

Figure 3.  nanoACQUITY 
UPLC™  75 μm x 25 cm  
column 

Figure 11.  TIC from a nano UPLC separation of 200 fmol each of 5-protein digest for a 30 cm, 1.7 μm BEH column, gradient:  3-40.6%B in  
336 min, column backpressure ~ 9,000.  Peak capacity for this separation is ~ 550. 

15:06:5706-Jan-2006100 fmol Enolase, MassLYNX 4.1, ICS 1.20, 75x250 1.7BEH Reg Pack, 50/50 Flush

Time
10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100
E060106AD02 TOF MS ES+ 

BPI
9.53e3

20.89
20.1318.67 23.10

21.45 23.94
26.06

E060106AD03 TOF MS ES+ 
BPI

9.53e3
20.86

18.67 20.13 23.0621.44
23.91

26.03

E060106AD04 TOF MS ES+ 
BPI

9.53e3
20.8320.10

18.65 23.0121.39
23.87

E060106AD05 TOF MS ES+ 
BPI

9.53e3
20.80

18.61 20.06
22.9921.37

23.83

E060106AD06 TOF MS ES+ 
BPI

9.53e3
20.7920.04

18.59 22.9721.35
23.82

E060106AD07 TOF MS ES+ 
BPI

9.53e3
20.79

18.59 20.04
22.9721.35

23.82

15:06:5706-Jan-2006100 fmol Enolase, MassLYNX 4.1, ICS 1.20, 75x250 1.7BEH Reg Pack, 50/50 Flush

Time
10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100
E060106AD02 TOF MS ES+ 

BPI
9.53e3

20.89
20.1318.67 23.10

21.45 23.94
26.06

E060106AD03 TOF MS ES+ 
BPI

9.53e3
20.86

18.67 20.13 23.0621.44
23.91

26.03

E060106AD04 TOF MS ES+ 
BPI

9.53e3
20.8320.10

18.65 23.0121.39
23.87

E060106AD05 TOF MS ES+ 
BPI

9.53e3
20.80

18.61 20.06
22.9921.37

23.83

E060106AD06 TOF MS ES+ 
BPI

9.53e3
20.7920.04

18.59 22.9721.35
23.82

E060106AD07 TOF MS ES+ 
BPI

9.53e3
20.79

18.59 20.04
22.9721.35

23.82

15:06:5706-Jan-2006100 fmol Enolase, MassLYNX 4.1, ICS 1.20, 75x250 1.7BEH Reg Pack, 50/50 Flush

Time
10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100

10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

%

0

100
E060106AD02 TOF MS ES+ 

BPI
9.53e3

20.89
20.1318.67 23.10

21.45 23.94
26.06

E060106AD03 TOF MS ES+ 
BPI

9.53e3
20.86

18.67 20.13 23.0621.44
23.91

26.03

E060106AD04 TOF MS ES+ 
BPI

9.53e3
20.8320.10

18.65 23.0121.39
23.87

E060106AD05 TOF MS ES+ 
BPI

9.53e3
20.80

18.61 20.06
22.9921.37

23.83

E060106AD06 TOF MS ES+ 
BPI

9.53e3
20.7920.04

18.59 22.9721.35
23.82

E060106AD07 TOF MS ES+ 
BPI

9.53e3
20.79

18.59 20.04
22.9721.35

23.82

Inj #1 

Inj #2 

Inj #3 

Inj #4 

Inj #5 

Inj #6 
• ♣ 

♠ 

♥ ♦ 
◘ 

std. dev. = 0.04 min • 
std. dev. = 0.03 min ♠ 
std. dev. = 0.04 min ♣ 
std. dev. = 0.04 min ♥ 
std. dev. = 0.05 min ♦ 
std. dev. = 0.05 min ◘ 

 

Time
20.00 40.00 60.00 80.00 100.00

%

0

100

Time
20.00 40.00 60.00 80.00 100.00

%

0

100
TOF MS ES+

TIC

TOF MS ES+
TIC(a)

(b)

Time
20.00 40.00 60.00 80.00 100.00

%

0

100

Time
20.00 40.00 60.00 80.00 100.00

%

0

100
TOF MS ES+

TIC

TOF MS ES+
TIC

Time
20.00 40.00 60.00 80.00 100.00

%

0

100

Time
20.00 40.00 60.00 80.00 100.00

%

0

100
TOF MS ES+

TIC

TOF MS ES+
TIC(a)

(b)
PC ~ 350 

PC ~ 220 

ACKNOWLEDGEMENT 

We would like to thank Mike Lavallee and Bob Collamati of the Waters Corporation 
for their technical assistance in packing the columns used for these studies.  

matusonl
Text Box
720001736EN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




